DevOps and Continuous Delivery (CD) are the terms that are always related to each other in Software Delivery and Operation Process area. DevOps introduces a significant agile perspective to deliver the software product in short cycle time that will reduce technical debt that is caused by delay. Continuous Delivery is one of the DevOps' practices that enables software organization to release new features and new products rapidly. However, the correct practices are still in ambiguity to the current CD process. This paper investigates the advantages and limitation of DevOps adoption to improve the CD process. A qualitative web survey has been conducted to identify the DevOps and Continuous Delivery advantages and adoption problems. 13 respondents' feedbacks have been collected and analyzed. Based on the survey, there are four significant DevOps' practices that need to be considered and developed as a proper guideline to introduce to practitioners.
INTRODUCTION
DevOps movement has been discussed broadly among practitioners and researchers in the field of Software Engineering. Theoretically, DevOps is a combination of the Agile Development and Agile Operation disciplines in the Software Engineering process [1] . DevOps is a discipline that focuses on collaboration between developers and operations departments to release software product rapidly and frequently to customers. Meanwhile, Continuous Delivery (CD) is one of the Continuous Software Engineering processes that is also sharing the same objective in which the practice is emerged to remove discontinuity between development and deployment process [2] .
BACKGROUND AND RELATED WORK
This paper provides an understanding of the advantages and adoption limitations of DevOps movement in Software Operation. This research also analyzes the level of Continuous Delivery adoption in current software organization. Moreover, the study will identify the current DevOps' benefits and adoption problems from practitioners' perspective. Furthermore, this study will identify and highlight the benefits and the possible problems that contribute to the DevOps adoption failure in CD process.
From Traditional Deployment to Agile Deployment
For several decades, the Waterfall [3] method has been used widely in the software development process. In theory, Waterfall method is less flexible when it comes to requirement's alteration [4] . Waterfall model needs to baseline all the stages before moving to the new stage. All processes will be delayed if the previous process has issues or unfinished. After the artifact has been baselined, all the changes are impossible to execute except with complicated change request. Thus, rework must be done in the previous stage. As a result, delay will occur.
For this reason, the iterative development and deployment methodologies such as Agile and Continuous Software Engineering have been used to ease the error and mistake made by developers and operations team. The real important factor that Agile introduces is to eliminate any value that doesn't give value to customers [5] . For the past decades, Agile development has proved to save time in market development while developers and customers can work together rapidly. This leads to error and bug discovery at the early stage of the development process. However, problems arose when the Agile operations team didn't get cooperation from the developers to execute the operational processes. Thus, DevOps movement is being introduced to solve the problem in Agile operations.
DevOps
definition for DevOps practice [7] . However, the objective of the DevOps is still the same that is to bridge the gap in between development and operation team [8] . Since then, many researchers and practitioners interpret the DevOps term according to organization objective. According to [9] , Agile methodology is looking for collaboration from all stakeholders involved. But, most of the Agile Software projects unnecessarily need to involve the operations people to solve the development problem continuously. Thus, DevOps has been the solution to fill the gaps in the software operation activities. Moreover, DevOps also highlights some practices to be followed in software delivery process.
Continuous Delivery
Continuous Delivery (CD) is one of the Agile Software Operation approaches in which operations team iteratively delivers valuable software in short cycle of time to ensure the software is always in a release state while developers team is still making thousands of changes on daily basis [10] . CD implementation will eliminate the traditional code integration, testing, and release that can cause freeze time in software delivery. Besides, CD also allows development and operations team to work in parallel iteration cycle. Therefore, the development and operations can occur at the same time. As a result, the software product can be released faster to users and get a faster feedback from users that supersedes to the traditional approach that needs the developers to complete the entire cycle of system development to proceed to release cycle that can be time consuming.
Continuous Delivery Pipeline
Delivery Pipeline is established based on the CD framework by implementing fully automated and end-to-end applications delivery processes in which significantly shorten the release cycle to reduce risks and costs as well as gaining a critical competitive advantage. [1] . According to [1] , Continuous Delivery is backed by DevOps paradigm with growing use of the tools and reusable artifacts for application management. However, the lack of control guidelines needs to be addressed to improve process in CD. In addition, Delivery Pipeline is regarded as the last serving of the supply chain for software that retrieves portion of the final product from the multiple sources packages of the software build, staging, and testing that may be vulnerable [11] . Fig 1 shows 
Adoption Problems
There are several problems that are being highlighted by researchers in the adoption of DevOps practices. K. Smeds et al mention 11 potential impairments for adopting DevOps [12] . Chen highlights 8 challenges in Continuous Delivery Adoption [13] . Finally, Laukkanen et al highlight 5 main problems in CD adoptions [14] . From all the problems that are mentioned, organization and its process guidelines are the most discussed issues. Moreover, the existing method and process are not adequate to handle the complicated DevOps adoption challenges [15] . Thus, the new guideline need to be purpose to handle the issues.
Success Factor of Continuous Delivery Adoption
Based on the above literature study, we have categorized the perspectives by using the CMMI three critical dimensions that focus on people, process tools, and technology. DevOps CAMs framework addresses culture, automation, measurement, and sharing. CAMs is the main subject that needs to be focused in implementing DevOps [12] . Thus, CMMI three critical dimensions are going to be used with the DevOps CAMs element to identify the current perspective in DevOps adoption.
To ensure the success of the DevOps adoption in CD process, we have categorized the potential elements perspectives by using CMMI three critical dimensions by analyzing the literature review from the Internet artifact and summarized it in accordance to literature study perspectives in Table 1 . Based on the results gathered, the questionnaires is designed and developed according to the significant perspectives from the literature study. Questionnaires are designed based on the factors that influence the DevOps adoption. Moreover, the DevOps activities that focus on significant perspectives are well known. Thus, the focus on questionnaires development is aligned with the required DevOps activities and perspectives. As a result, we can identify the source of the DevOps advantages and adoption problems. Table 1 shows the DevOps adoption being categorized according to three critical dimensions. From these dimensions, it is easy to identify what perspective will influence the dimension in the DevOps adoption. 2. Collaboration Culture [12] , [16] , [17] , [18] , [19] , [20] 3. Communication [9] , [12] , [16] , [21] , [22] , [23] 4. Cross Function Roles [12] , [17] , [18] , [21] , [24] 5. Organization Structure [12] , [17] , [18] , [21] [12] , [24] 3. Continuous User Feed Back [12] , [24] 4. Service Recovery [12] , [24] 5. Continuous Release Process [12] , [26] 6. Performance Measurement [16] , [21] , [23] , [25] 7. Quality Assurance in release [17] , [18] , [19] 8. Configuration Management [17] , [24] Tools and Technology
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Process [9] , [12] , [17] , [20] , [23] , [24] 2. Technology and tool sharing [17] , [21] , [23] 3. Configuration Management tool [17] , [23] , [24] 4. Technical Challenges [21] , [25] 5. Monitoring tool for service performance [23] , [25] 3.
RESEARCH METHODOLOGY
Quantitative survey is conducted to collect data in this research. The objective of Quantitative survey method is to explore how industry practitioners understand advantages and limitations of DevOps adoption. From this study, we hope we can contribute and update the DevOps practice.
The questionnaires have been developed and deployed to the experts to explore the foundation problems of the Continuous Delivery adoption. Moreover, our research also serves to understand what are the factors that influence the Continuous Delivery effectiveness and efficiency. We conducted a web survey that consists of 24 multiple choice and multiple answers questions in the first section of the questionnaire. Second section consists of 8 Likert Scale questions to gather the general opinion of the participants regarding the implementation of CD in DevOps in current organizations.
In the survey, the respondents are gathered from professional DevOps community from around the world and Malaysia. The community consists of all disciplines of people in Software Engineering process. The questionnaires are designed with Google Form and being distributed to the social media for the participants to respond. After 3 weeks questionnaires had been released via DevOps community group in Facebook, 11 respondents have responded and participated. From the result, 10 respondents answered all questions in both sections and 1 respondent answered the multiple-choice questions in section 1. 4 respondents came from India, followed by 3 from Malaysia, and 1 from each Macedonia, Pakistan, Slovakia, and Ukraine. In addition, participants came from multiple company's backgrounds and job scopes that are from managers of multi-million companies to SME companies' practitioners.
RESULT
The results obtained from the web survey regarding DevOps adoption in CD process are to characterize the relevant factors of the success in DevOps adoption. The findings from the web survey analysis are used as input for the framework development in the future. Fig. 2 summarizes the advantages in DevOps adoption and adoption problems that occur in CD Pipeline. 
DevOps Adoption Advantages
From the result of the survey, many respondents think DevOps practice has some advantages to reduce the cycle time from software development to software release process. They also think that DevOps practice has a major effect in delivering a quality software product. In addition, DevOps practice is also found to be a major factor to contribute a massive deployment in the software operation. Thus, feedback from customers and users can be rapidly received. For this reason, incidents that occur can be recovered as soon as possible. Fig. 2 illustrate the DevOps advantages that had been identified from the survey.
Further on the survey, majority of the respondents highlighted the advantage of the DevOps activities are found to reduce the software cycle time as what they believe DevOps practice can achieve. One of the main activities that are popular is Continuous Integration (CI). CI is an Agile Software Engineering practice whereby Developers Team integrates or commits and executes automated testing to source code frequently [27] . CI is a process that has been used by Software Developers in the Agile era to deliver software product faster and reliable. CI is doing the automated testing and integration of the source code from Developer Station to Integration Server. As a result, customer can test the newly developed software function more frequent and rapid as compared to when using the traditional approach. Based on the survey, respondents have highlighted that CI is the main activity in the DevOps practice that has been implemented in organizations and has proven to be the practice that saves organizations' efforts and resources in software development during integration of multiple modules and services. This is the reason why the respondents believe that DevOps practice can shorten the development process cycle while frequent release of the software function can be applied.
Secondly, respondents agree that Configuration Management (CM) process can provide the guidelines to versioning and control all the artifacts from Software Requirement process to Software Deployment process. With CM, developers and operations team can monitor and manage the artifact during software development cycle. With the correct CM practice, software development status can be monitored and top management can verify all progress status. In addition, all events in software development cycle are visible to all multi-functional team. Consequently, all stakeholders involve will have guidelines on what have been done and see any problem that resulting in delay and work freeze during the software development. Moreover, customers can be notified regarding on the work progress and this will contribute to business-friendly approach in the software life cycle. The CM tools and process have been widely used in the traditional software development. But the new process and guidelines are still need to be introduced to handle the development and operations. Thus, the multi-functional team can handle the process out of the chaos situation. Until now, no clear guidelines or services are available to handle any incident in the cross-team collaboration between developers and operations personnel.
Finally, respondents highlighted that automation is the most important characteristic in DevOps practice that is seen beneficial in the software production. Automation activities in the DevOps practice are consist of testing, staging, environment setup, etc. Organizations can implement more processes and features into software release process in Delivery Pipeline. Delivery Pipeline is the main objective to ease the effort in software production. Automation in the software production can improve the software release effort and reduce time to market. In addition, automation also can reduce human error during operations by automated testing and staging. Thus, contributes in software quality by reducing the error and bug in system. Automation effort relies on tools and technology. However, if automation cannot be controlled in the software production, resources overhead will occur and contribute to the failure of the Continuous Delivery Pipeline. Thus, the CD effort will be wasted. In CD process, tools and technology use need to have clear service guidelines and need to be controlled on how many integration and deployment at a particular time and what resource and tool need to be used to avoid the environment and system failures during software production.
DevOps Adoption Problems
From the literature and the survey result, we identified some factors that may cause the failure of the DevOps adoption in CD process. The respondents from the survey address multiple factors and elements may become constraints in adopting DevOps in Continuous Delivery Process. Fig. 2 illustrate the adoption problems that had been identified during the literature study and survey.
From the survey result, the main difficulty to adopt DevOps successfully is team culture in consideration of human factor in the software production. Solving human issue is more challenging than solving technical issues. It is found that cultural communication is the most highlighted issue raised by practitioners. This is because lack of effective communication can play a major cause in operation failure of virtual software development. Cultural communication is followed by lack of trust, cultural differences, and organization policy that fail to organize the team collaboration play a major role in the operation failure.
DevOps is all about forcing developers and operations team to work together. In the traditional method, operations team did not communicate and share any important information or incident related to nonfunctional issues to developers, which would cause performance issue in the future. This performance issue might also arise when developers team did not share any functional issue to operations team. This is all due to different interests in the work process in between Operation Engineers and Developers. Furthermore, notably it is a challenge to adopt new discipline onto the team. Cultural issues in Software Delivery will affect the Software Production if not being handled properly. Human factor is more complicated to overcome as compared to technical and process issues. Thus, DevOps outlines Culture as one of the important issues to be handled to ensure the successful of DevOps adoption.
Survey result also indicates tools and hardware are the main cause of failure in DevOps adoption. Although tools and hardware have been one of the benefits in DevOps adoption, tools and hardware, and resources control need to be handled with practice. In Continuous Delivery process, tools and hardware are the main asset to ensure the Deployment Pipeline is successful to deploy a quality software product. The evidence of this study shows that the asset can become a liability if the resources control is managed wrongly. Respondents mentioned the failure of resources control could lead to resources overhead during the integration of the source codes when all source codes have been deployed too often. As a result, this will jeopardize the Continuous Delivery Pipeline. In some cases, the automated test is failed because of the environment used in the production is different and very complex to be executed with the automated test. All the problems mentioned by respondents have become the challenges to adopt DevOps.
Other major adoption challenges are the lack of the process and guidelines to serve the DevOps practice in CD. From the results gathered, respondents mentioned organizations do have the DevOps process guidelines to serve the release process. However, the effectiveness of the existing guidelines are still unsatisfying and 50% of respondents think existing guidelines still can lead to delay in software cycle time. Problems such as unclear incident management will lead to freeze time that will contribute in software delay. Although there is promising potential of DevOps can significantly changes the production process, the reality of the DevOps adoption is still unclear. Since DevOps does not have a standard of fixed guidelines nor standard framework to follow, practitioners are currently having various opinions regarding to DevOps' implementation. DevOps term has been changed in years to suit the objective of an organization.
DISCUSSION
From the survey that had been conducted, the study verifies the factors that are identified in the literature study lead to DevOps' benefits that is affected from the industry. DevOps has been proven can be increased in practice in the software production with features that need to be followed. The objective of the rapid release and delivery are bringing into line to reduce the software production cycle time in delivering quality software product.
Team culture that follows proper guidelines can improve the organization function by bridging the gap between developers' and operations' job scopes. Thus, improves the Software Delivery process. In addition, the communication gap can be minimized and maximized the sharing skills and knowledge in organization to utilize workers' skills and knowledge. For these reasons, efficient working environment can be created. However, the guidelines to share the knowledge need to be developed to avoid information are overwhelmed within organization that can cause confusion of which to follow.
As mentioned in previous section, tools and technology is the main asset to ensure the success in adopting DevOps. However, the transition to select and use proper and suitable tool to fit organization's objective may become a time-consuming process. Developers and operations team may need time to learn and adapt to use the new tools and technology. Furthermore, the transition of the technical knowledge regarding tool and technology may need to be considered. The variety of the environment also can become the adoption problem. For example, the non-functional requirements and technical issues may become the impediment for DevOps adoption.
In contrast, DevOps is not an easy task to adopt in organization since DevOps requires an organization to introduce process, personnel and technological changes, and innovation to the current organization's structure and process. Implementing DevOps may have many obstacles, which a lot of changes need to be implemented in the organization including work process, tools and technology, and environment. But the main challenge is the mentality of the people involved in the DevOps revolution.
CONCLUSION
This study explores the advantages and the adoption problems in adopting DevOps practice in Software Delivery. This study highlights several advantages in adopting DevOps practice and how DevOps practice can impact the software production. The study also identifies what are DevOps adoption constraints in organization concerning in cultural, tools, resources and process area. The advantages of implementing DevOps practice include increase team quality, improve software quality, faster time to market, save cost, and create a new culture of business-friendly approach. The factors that prevent the adoption of DevOps are cultural, tools, and process area that need to be identified and overcome by introducing some fix frameworks to handle the issues. In order to successfully implementing DevOps, practitioners need to understand organization's needs as well as the area of implementation to align with the correct DevOps practice. The ambiguous definition of DevOps can create confusion for organization to achieve clear objective.
Creating practices that are suitable across multiple stakeholders are difficult. However, to fully understand the DevOps adoption advantages and problems, the future research needs to interview some organizations directly. Moreover, further research needs to be done to develop a standardize practice that can be followed by practitioners.
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